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Determination of the pole and MS masses of the top quark from the tt cross section 

V.M. Abazov,35 B. Abbott/^ b.S. Acharya,^^ M. Adams,^^ T. Adams,^^ G.D. Alexeev,^^ G. Alkhazov,^^ 
A. Alton'^,'^1 G. Alverson,*^" G.A. Alves,^ L.S. Ancu,^* M. Aoki,^^ M. Arov,^^ A. Askew,^^ B. Asman,*! 
O. Atramentov,^^ q Avila,*^ J. BackusMayes,*^° F. Badaud/^ L. Bagby,"**^ B. Baldin,^*^ D.V. Bandurin,47 
S. Banerjee,29 E. Barberis,^" P. Baringer,^^ J. Barreto,^ J.F. Bartlett,^^ U. Bassler,!^ V. Bazterra,^^ S. Beale,^ 

A. Bean,56 M. Begalli,^ M. Begel/^ C. Belanger-Champagne,^! L. Bellantoni,48 S.B. Beri,^^ G. Bernard!," 
R. Bernhard,22 1. Bertram, ''^ M. BesanQon,^^ R. Beuselinck,''^ V.A. Bezzubov,^^ P.C. Bhat,^^ V. Bhatnagar,^^ 
G. Blazey,^" S. Blessing,^^ K. Bhom,^^ A. Boehnlein,48 D. Boline,^° E.E. Boos,^^ G. Borissov,'^^ x. Bose,^^ 
A. Brandt,'^^ q Brandt,^^ R. Brock,^^ G. Brooijmans,^* A. Bross,''® D. Brown,!'^ J. Brown," X.B. Bu,''^ 
M. Buehler,^^ V. Buescher,^^ V. Bunichev,^^ S. Burdi^^42 ^ jj Burnett,^^ CP. Buszello,''! B. Calpas,^^ 

E. Camacho-Perez,32 ^ Carrasco-Lizarraga,^^ B.C.K. Casey, '^^^ H. Castilla-Valdez,^^ S. Chakrabarti,'^° 
D. Chakraborty,50 K.M. Chan,^^ A. Chandra,^^ G. Chen,^^ S. Chevalier-Thery,!^ D.K. Cho,^^ S.W. Cho,^! 

S. Choi,3i B. Choudhary,28 S. Cihangir,^^ D. Claes,^^ J. Clutter,^^ M. Cooke,'*^ W.E. Cooper,^^ M. Corcoran,™ 

F. Couderc,!** M.-C. Cousinou,!^ A. Croc,i** D. Cutts,^^ A. Das,^^ G. Davies,*^ j^^je Jong,^^ 

E. De La Cruz-Burelo,32 F. Deliot,i® M. Demarteau,"*** R. Demina,^^ D. Denisov,^** S.P. Denisov,^^ S. Desai,"*® 
C. Deterre,i8 K. DeVaughan,^^ H.T. Diehl,"** M. Diesburg,"** A. Dominguez,^^ T. Dorland,**° A. Dubey,^^ 

L.V. Dudko,3'^ D. Duggan,^^ A. Duperrin,!^ S. Dutt,^^ A. Dyshkant,5° M. Eads,^^ D. Edmunds,^^ Ellison,^^ 
V.D. Elvira,-** Y. Enari," H. Evans,^^ a. Evdokimov,^i V.N. Evdokimov,^^ G. Facini,^^ T. Ferbel,^^ F. Fiedler,24 

F. Filthaut,^'' W. Fisher,^2 jj Fisk,** M. Fortner,^^ H. Fox,^^ Fuess,^^ A. Garcia-Bellido,*^^ V. Gavrilov,^^ 
P. Gay," W. Geng,i^'62 Gerbaudo,^^ (j ^ Gerber,^^ Y. Gershtein,^^ G. Ginther,^*' 69 q Golovanov,^^ 

A. Goussiou,*^° P.D. Grannis,™ S. Greder,!^ H. Greenlee,''* Z.D. Greenwood,^* E.M. Gregores," G. Grenier,^" 
Ph. Gris," J.-F. Grivaz,!^ A. Grohsjean,i* S. Griinendahl,** M.W. Griinewald,^^ T. Guillemin,!^ F. Guo,™ 

G. Gutierrez,** P. Gutierrez, a. Haas^^* S. Hagopian,*^ J. Haley,™ L. Han,^ K. Harder,"* A. Harel,^^ 
J.M. Hauptman,55 J. Hays,''^ T. Head,** T. Hebbeker,^! D. Hedin,^" H. Hegab,^* A.P. Heinson,*^ U. Heintz,^^ 
C. Hensel,23 I. Heredia-De La Cruz,32 K. Herner,^! G. Hesketh'^,** M.D. Hildreth,^* R. Hirosky,™ T. Hoang,*^ 

J.D. Hobbs,™ B. Hoeneisen,i2 M. Hohlfeld,^* Z. Hubacek,*"' i* N. Huske," V. Hynek,*" L lashvili,^^ 
R. Illingworth,** A.S. Ito,** S. Jabeen,^^ M. Jaffre,*^ D. Jamin,*^ A. Jayasinghe," R. Jesik,*^ K. Johns,*^ 
M. Johnson,** D. Johnston,^* A. Jonckheere,** P. Jonsson,*^ J. Joshi,^^ A.W. Jung,** A. Juste,*° 
K. Kaadze,^'' E. Kajfasz,*^ D. Karmanov,^^ P.A. Kasper,** L Katsanos,*"* R. Kehoe,'^^ S. Kermiche," 
N. Khalatyan,** A. Khanov,^* A. Kharchilava,^^ Y.N. Kharzheev,^^ D. Khatidze,^^ M.H. Kirby,^* J.M. Kohh,^^ 
A.V. Kozelov,3* J. Kraus,^^ g. Kulikov,^* A. Kumar,^^ A. Kupco," T. Kurca,^^ V.A. Kuzmin,^^ J. Kvita,^ 
S. Lanimers,^2 q Landsberg,^-^ P. Lebrun,^^ H.S. Lee,^* S.W. Lee,^^ ^ Lgg^48 Lellouch,*^ L. Li,*^ 
Q.Z. Li,** S.M. Lietti,^ J.K. Lim,3i D. Lincoln,** J. Linnemann,62 V.V. Lipaev,^* R. Lipton,** Y. Liu,^ 
Z. Liu,6 A. Lobodenko,39 M. Lokajicek," R. Lopes de Sa,'^o H.J. Lubatti,*^ R. Luna-Garcia%32 A.L. Lyon,^ 
A.K.A. Maciel,2 D. Mackin,'^* R. Madar,** R. Magafia-Villalba,32 g^ Malik,<^* V.L. Malyshev,^^ Y. Maravin, 
J. Martmez-Ortega,32 McCarthy, C.L. McGivern,'^'^ M.M. Meijer,^* A. Melnitchouk,*^^ D. Menezes,^" 
P.C. Mercadante,* M. Merkin,^^ A. Meyer,2i J. Meyer,23 F. Miconi,*^ N.K. Mondal,^^ G.S. Muanza,*^ 
M. Mulhearn,™ E. Nagy," M. Naimuddin,2* M. Narain,'^^ R. Nayyar,2* H.A. Neal,*^* J.P. Negret,* P. Neustroev,^^ 
S.F. Novaes,^ T. Nunnemann,25 G. Obrant,^^ J. Qrduna,™ N. Osman,i^ J. Osta,^* G.J. Otero y Garzon,* 
M. Padilla,*^ A. Pal,'^^ N. Parashar,^^ V. Parihar,'^^ S.K. Park,^! J. Parsons,^* R. Partridge^'^^ N. Parua,^2 
A. Patwa,^* B. Penning,** M. Perfilov,^^ K. Peters,** Y. Peters,** K. Petridis,** G. Petrillo,^^ P. Petroff,!^ 
R. Piegaia,* J. Piper,62 y[.-A. Pleier,'^i P.L.M. Podesta-Lerma-'',32 V.M. Podstavkov,** P. Polozov,^^ A.V. Popov,^* 
M. Prewitt,"^* D. Price,^2 n Prokopenko,^* S. Protopopescu,'^* J. Qian,^! A. Quadt,23 B. Quinn,*^^ M.S. Rangel,2 
K. Ranjan,28 P.N. Ratoff,*2 I. Razumov,^* P. Renkel,'^'^ M. Rijssenbeek,™ L Ripp-Baudot,*^ F. Rizatdinova,'^* 
M. Rominsky,** A. Ross,*2 C. Royon,** P. Rubinov,** R. Ruchti,^* G. Safronov,^^ G. Sajot," P. Salcido,50 
A. Sanchez-Hernandez,32 ^ p ganders,^^ B. Sanghi,** A.S. Santos,^ G. Savage,*** L. Sawyer,^* T. Scanlon,*^ 
R.D. Schamberger,™ Y. Scheglov,^^ H. Schellman,^! T. Schliephake,26 S. Schlobohm,*^ C. Schwanenberger,** 
R. Schwienhorst,62 Sekaric,^^ H. Severini,^^ Shabalina,23 V. Shary,** A.A. Shchukin,^* R.K. Shivpuri,2* 
V. Simak,*o V. Sirotenko,** P. Skubic,™ P. Slattery,69 D. Smirnov,^* K.J. Smith,^^ G.R. Snow,^* J. Snow,^2 
S. Snyder,^! S. Soldner-Rembold,** L. Sonncnschein,2i K. Soustruznik,^ J. Stark," V. Stohn,^^ D.A. Stoyanova,^* 



48 
57 



2 



M. Strauss/^ D. Strom ,"9 L. Stutte,*^ L. Suter,44 R Svoisky/^ M. Takahashi ,"4 A. Tanasijczuk,i W. Taylor,^ 
M. Titov/s V.V. Tokmenin,35 Y.-T. Tsai,^^ D. Tsybychev,™ B. Tuchming/s C. Tully,^^ L. Uvarov,^^ S. Uvarov,^^ 
S. Uzunyan,50 R. Van Kooten,^^ W.M. van Leeuwen,33 N. Varelas,*" E.W. Varnes,^^ I.A. Vasilyev,^^ P. Verdier.^o 
L.S. Vcrtogradov,-"^-"^ M. Verzocchi,'*^ M. Vcstcrinen,44 D. Vilanova,!** P. Vokac,i" H.D. Wahl,47 M.H.L.S. Wang,^^ 

J. Warchol,54 G. Watts,^^ M. Wayne,^^ M. Weberf,*^ L. Welty-Rieger,^! A. White/^ D. Wicke,^^ 
M.R.J. Williams,42 q Wilson,^^ M. Wobisch,^^ D.R. Wood,60 T.R. Wyatt,'*^ Y. Xie,^^ C. Xu.^^ S. Yacoob,^! 
R. Yaniada,48 W.-C. Yang,44 T. Yasuda,''^ Y.A. Yatsunenko,^^ Z. Ye,^^ jj. Yin,**^ K. Yip/i S.W. Youn ,"8 
J. Yu/6 S. Zelitch/9 T. Zhao,^^ B. Zhou,^! J. Zhu," M. Ziclinski.^s D. Zieminska,^^ and L. Zivkovic^^ 

(The DO Collaboration*) 

' Universidad de Buenos Aires, Buenos Aires, Argentina 
^LAFEX, Centra Brasileiro de Pesquisas Fisicas, Rio de Janeiro, Brazil 
^ Universidade do Estado do Rio de Janeiro, Rio de Janeiro, Brazil 
'* Universidade Federal do ABC, Santo Andre, Brazil 
^Instituto de Fisica Teorica, Universidade Estadual Paulista, Sao Paulo, Brazil 
^ Simon Eraser University, Vancouver, British Columbia, and York University, Toronto, Ontario, Canada 
'^University of Science and Technology of China, Hefei, People's Republic of China 
^Universidad de los Andes, Bogota, Colombia 
^Charles University, Faculty of Mathematics and Physics, 
Center for Particle Physics, Prague, Czech Republic 
^'^ Czech Technical University in Prague, Prague, Czech Republic 
'^'^ Center for Particle Physics, Institute of Physics, 
Academy of Sciences of the Czech Republic, Prague, Czech Republic 

^^Universidad San Francisco de Quito, Quito, Ecuador 
'^LPC, Universite Blaise Pascal, CNRS/IN2P3, Clermont, France 
^^LPSC, Umversite Joseph Fourier Grenoble 1, CNRS/IN2P3, 
Instttut National Polytechnique de Grenoble, Grenoble, France 
'^CPPM, Aix-Marseille Universite, CNRS/IN2P3, Marseille, Prance 
^^LAL, Universite Paris-Sud, CNRS/IN2P3, Orsay, France 
"LPNHE, Univer sites Pans VI and VII, CNRS/IN2P3, Pans, France 
^^CEA, Irfu, SPP, Saclay, France 
^^IPHC, Universite de Strasbourg, CNRS/IN2P3, Strasbourg, France 
^"IPNL, Umversite Lyon 1, CNRS/IN2P3, Villeurbanne, France and Universite de Lyon, Lyon, France 
III. Physikalisches Institut A, RWTH Aachen University, Aachen, Germany 
Physikalisches Institut, Universitdt Freiburg, Freiburg, Germany 
^^11. Physikalisches Institut, Georg-August-Universitdt Gottingen, Gottingen, Germany 
^'^Institut fiir Physik, Universitdt Mainz, Mainz, Germany 
^'^ Ludwig-Maximilians-Umversitdt Miinchen, Miinchen, Germany 
Fachbereich Physik, Bergische Universitdt Wuppertal, Wuppertal, Germany 
^^Panjab University, Chandigarh, India 
^^Delhi University, Delhi, India 
^^Tata Institute of Fundamental Research, Mumbai, India 
''^'^ University College Dublin, Dublin, Ireland 
"Korea Detector Laboratory, Korea University, Seoul, Korea 
'^'"^ CINVESTAV, Mexico City, Mexico 
^^EDM-Institute NIKHEF and University of Amsterdam/NIKHEF, Amsterdam, The Netherlands 
^'^Radboud University Nijmegen/NIKHEF, Nijmegen, The Netherlands 

Joint Institute for Nuclear Research, Dubna, Russia 
^^Institute for Theoretical and Experimental Physics, Moscow, Russia 
'"^"^ Moscow State University, Moscow, Russia 
''^Institute for High Energy Physics, Protvino, Russia 
'^^ Petersburg Nuclear Physics Institute, St. Petersburg, Russia 
Institucio Catalana de Recerca i Estudis Avangats (ICREA) and Institut de Fisica dAltes Energies (IFAE), Barcelona, Spain 
Stockholm University, Stockholm and Uppsala University, Uppsala, Sweden 
Lancaster University, Lancaster LAI 4YB, United Kingdom 
Imperial College London, London SW7 2AZ, United Kingdom 
'^'^The University of Manchester, Manchester M13 9PL, United Kingdom 

University of Arizona, Tucson, Arizona 85721, USA 
'^^ University of California Riverside, Riverside, California 92521, USA 

^''Florida State University, Tallahassee, Florida 32306, USA 
'^^Fermi National Accelerator Laboratory, Batavia, Illinois 60510, USA 
'^^ University of Illinois at Chicago, Chicago, Illinois 60607, USA 
^'^ Northern Illinois University, DeKalb, Illinois 60115, USA 



3 



^^Northwestern University, Evanston, Illinois 60208, USA 
'^''Indiana University, Bloomington, Indiana 4^405, USA 
^^Purdue University Calumet, Hammond, Indiana 46323, USA 
^'^ University of Notre Dame, Notre Dame, Indiana 46556, USA 
^'^lowa State University, Ames, Iowa 50011, USA 
^"University of Kansas, Lawrence, Kansas 66045, USA 
^''Kansas State University, Manhattan, Kansas 66506, USA 
Louisiana Tech University, Ruston, Louisiana 71272, USA 
'^'^Boston University, Boston, Massachusetts 02215, USA 
"'^Northeastern University, Boston, Massachusetts 02115, USA 
"^University of Michigan, Ann Arbor, Michigan 48109, USA 
"^Michigan State University, East Lansing, Michigan 48824, USA 
""'University of Mississippi, University, Mississippi 38677, USA 
"^ University of Nebraska, Lincoln, Nebraska 68588, USA 
"'^Rutgers University, Piscataway, New Jersey 08855, USA 
""Princeton University, Princeton, New Jersey 08544, USA 
"''State University of New York, Buffalo, New York 14260, USA 
"^Columbia University, New York, New York 10027, USA 
"''University of Rochester, Rochester, New York 14627, USA 
''"state University of New York, Stony Brook, New York 11794, USA 
'^ Brookhaven National Laboratory, Upton, New York 11973, USA 
Langston University, Langston, Oklahoma 73050, USA 
'''''University of Oklahoma, Norman, Oklahoma 73019, USA 
'''^Oklahoma State University, Stillwater, Oklahoma 74078, USA 
''^ Brown University, Providence, Rhode Island 02912, USA 

''"University of Texas, Arlington, Texas 76019, USA 
''''Southern Methodist University, Dallas, Texas 75275, USA 

''"Rice University, Houston, Texas 77005, USA 
''^'University of Virginia, Charlottesville, Virginia 22901, USA 
''"University of Washington, Seattle, Washington 98195, USA 
(Dated: April 14, 2011) 

We use higher-order quantum chromodynamics calculations to extract the mass of the top quark 
from the tt cross section measured in the lepton+jets channel in pp collisions at y/s — 1.96 TeV 
using 5.3 fb~^ of integrated luminosity collected by the DO experiment at the Fermilab Tevatron 
Collider. The extracted top quark pole mass and MS mass are compared to the current Tevatron 
average top quark mass obtained from direct measurements. 

PACS numbers: 14.65.Ha, 12.38.Bx 



The mass of the top quark (mt) has been measured 
with a precision of 0.6%, and its current Tevatron average 
value is mj = 173.3 ± 1.1 GeV [T]. Beyond leading-order 
quantum chromodynamics (LO QCD), the mass of the 
top quark is a convention-dependent parameter. There- 
fore, it is important to know how to interpret this experi- 
mental result in terms of renormalization conventions 
if the value is to be used as an input to higher-order QCD 
calculations or in fits of electroweak precision observables 
and the resulting indirect Higgs boson mass bounds Q- 
The definition of mass in field theory can be divided into 
two categories (*) driven by long-distance behav- 
ior, which corresponds to the pole-mass scheme, and (ii) 
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driven by short-distance behavior, which, for example, is 
represented by the MS mass scheme. The difference be- 
tween the masses in different schemes can be calculated 
as a perturbative series in as- However, the concept of 
the pole mass is ill-defined, since there is no pole in the 
quark propagator in a confining theory such as QCD @ . 

There are two approaches to directly measure mt from 
the reconstruction of the final states in decays of top- 
antitop {tt) pairs. One is based on a comparison of Monte 
Carlo (MC) templates for different assumed values of mt 
with distributions of kinematic quantities measured in 
data. In the second approach, mt is extracted from the 
reconstruction of the final states in data using a calibra- 
tion curve obtained from MC simulation. In both cases 
the quantity measured in data therefore corresponds to 
the top quark mass scheme used in the MC simulation, 
which we refer to as mj*^^. 

Current MC simulations are performed in LO QCD, 
and higher order effects are simulated through parton 
showers at modified leading logarithms (LL) level. In 
principle, it is not possible to establish a direct connec- 
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tion between m^^ and any other mass scheme, such as 
the pole or MS mass scheme, without calculating the par- 
ton showers to at least next-to-leading logarithms (NLL) 
accuracy. However, it has been argued that mj^*"^ should 
be close to the pole mass [H, 01 • The relation between 
m^'~^ and the top quark pole mass {111^°^°) or MS mass 
(mj^®) is still under theoretical investigation. In calcula- 
tions such as in Ref. [sj it is assumed that mf^'^ measured 
at the Tevatron is equal to TOf°'°. 

In this Letter, we extract the pole mass at the scale 
of the pole mass, m^°'*'(m^°'''), and the MS mass at the 
scale of the MS mass, m^^{m^^), comparing the mea- 
sured inclusive ti production cross section ati with fully 
inclusive calculations at higher-order QCD that involve 
an unambiguous definition of nit and compare our results 
to m^^. This extraction provides an important test of 
the mass scheme as applied in MC simulations and gives 
complementary information, with different sensitivity to 
theoretical and experimental uncertainties than the di- 
rect measurements of that rely on kinematic details 
of the mass reconstruction. 

We use the measurement of au in the lepton-|-jets chan- 
nel in pp collisions at ^/s = 1.96 TeV using 5.3 fb~^ of 
integrated luminosity collected by the DO experiment Q . 
We calculate likelihoods for crjf as a function of rrit, and 
use higher-order QCD predictions based on the pole-mass 
or the MS-mass conventions to extract mt°^°oi m^^, re- 
spectively. 

The criteria applied to select the sample of tt candi- 
dates used in the cross section measurement introduce 
a dependence of the signal acceptance, and therefore 
of the measured value of a^, on the assumed value of 
j^MC_ rpj^jg dependence is studied using MC samples of 
tt events generated at different values of m^'~^ in intervals 
of at least 5 GeV and is found to be much weaker than 
the dependence of the theoretical calculation of au on 
mt- The tt signal is simulated with the ALPGEN event 
generato r M , and parton evolution is simulated with 
PYTHIA 10]. Jet-parton matching is applied to avoid 
double-counting of partonic event configurations [ll|. 
The resulting measurement of can be described by 

= -4c^[a + bimr''-mo) (1) 

where att and mj^^ are in pb and GeV, respectively, 
mo = 170 GeV, and a, b, c, d are free parameters. 
For the mass extraction, we consider the experimental tt 
cross section measured using the 6-jet identification tech- 
nique [S]. This ati determination provides the weakest 
dependence on mj^^ of the results presented in Ref. 8] , 
which leads to a smaller uncertainty on the extracted mt, 
and thereby reduces the ambiguity of whichever conven- 
tion (here pole or MS) best reflects m^'~^. When using 
6-tagging, the data sample is split into events with 0, 1 or 
> 1 6-tagged jets, and the numbers of events in each of 



the three categories, corrected for mass-dependent accep- 
tance, yield the measurement of att- The other methods 
used in Ref. Q rely on additional topological information 
that introduces a stronger dependence of the measured 
att on m^*-". They are therefore not used in this analysis. 
The parameters derived from a fit of ati to Eq. ([1]) are: 
a = 6.95 X 10^ pbGeV^ b ^ 1.25 x 10^ pbGeV^ c = 
1.16 X 10^ pbGeV^ and d = -2.55 x 10^ pbGeV. Pos- 
sible fit shape changes due to the uncertainties on these 
parameters are small compared to the experimental un- 
certainties on the ati measurement which are almost fully 
correlated between different mt- For toJ^^=172.5 GeV, 
we measure ati = 8.13t|!);gQ pb [8]]. 

We compare the obtained parameterization to a pure 
next-to-leading-order (NLO) QCD calculation, to 
a calculation including NLO QCD and all higher-order 
soft-gluon resummations in NLL [l^, to a calculation 
including also all higher-order soft-gluon resummations 
in ncxt-to-next-to-lcading logarithms (NNLL) [l3| and 
to two approximations of the next-to-next-to-leading- 
order (NNLO) QCD cross section that include next-to- 
next-to-leading logarithms (NNLL) relevant in NNLO 
QCD [H, [iBl- The computations in Ref. [l^ were ob- 
tained using the program documented in Ref. [l^ • 

Following the method of Refs. [H, E^, we extract the 
most probable mt values and their 68% C.L. bands for 
the pole-mass and MS-mass conventions by computing 
the most probable value of a normalized joint-likelihood 
function: 

L(rnf) = y"/oxp(o'|mt) [/scaic(a'|'7if ) /pDF(o'|mf )] da. 

(2) 

The first term /oxp corresponds to a function for the 
measurement constructed from a Gaussian function with 
mean value given by Eq. ([1} and with standard deviation 
(sd) equal to the total experimental uncertainty which is 
described in detail in Ref. [1]. The second term /scale in 
Eq. ([2]) is a theoretical likelihood formed from the uncer- 
tainties on the renormalization and factorization scales 
of QCD, which are taken to be equal, and varied up and 
down by a factor of two from the default value. Within 
this range, /scale is taken to be constant (T2| - [l6| . It is 
convoluted with a term that represents the uncertainty of 
parton density functions (PDFs) , taken to be a Gaussian 
function, with rms equal to the uncertainty determined 
in Refs. [l^ - [T6| . Table U summarizes the theoretical pre- 
dictions from different calculations for mf°''' = 175 GeV 
used as an input to the likelihood fit. 

In Refs. [T^ - [l6| ati is calculated as a function of mt°^° 
and, consequently, comparing the measured (Ttt(mJ^^) to 
these theoretical predictions provides a value of m^°^°. 
Therefore, we extract r7i^°'° (i) assuming that the defini- 
tion of mj^^ is equivalent to to^° °, and (ii) taking 
to be equal to to estimate the effect of interpret- 

ing toJ^*^ as any other mass definition. For case (i). 
Fig. [T] shows the parameterization of the measured and 
the predicted ati{m^°^°) [IM^. The results for the de- 
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TABLE I: Theoretical predictions for att with uncertainties 
Act due to scale dependence and PDFs at the Tevatron for 
mF°''^=175 GeV from different theoretical calculations used 



as input to the mass extraction. Note that Refs. 



use the CTEQ6.6 PDF set |2 
use the MSTW08 PDF set |2l| 



while Refs. UA 



Theoretical prediction 


CTtt (pb) ACTacalo (pb) ActpdF (pb) 


NLO [12] 


6.39 


+0.33 
-0.70 


+0.35 
-0.35 


NLO+NLL [13] 


6.61 


+0.26 
-0.46 


+0.44 
-0.34 


NLO+NNLL [14] 


5.93 


+0.18 
-0.17 


+0.30 
-0.22 


Approximate NNLO [15] 


6.71 


+0.28 
-0.37 


+0.17 
-0.12 


Approximate NNLO [16] 


6.66 


+0.11 

-0.06 


+0.42 

-0.35 



TABLE IL Values of m^°'°, with their 68% C.L. uncertainties, 
extracted for different predictions of CT^f. The results assume 
that 

^MC ^ ^polc 

(left column). The right column shows 



the change Am^° ° between these results if it is assumed that 
The combined experimental and theoretical 



,MC 



uncertainties are shown. 



Theoretical prediction 


mr'" (GeV) 


Amr'° (GeV) 


MC mass assumption 






NLO [12j 


164.8t^;I 


-3.0 


NLO+NLL [13] 


166.5tli 


-2.7 


NLO+NNLL [14] 




-3.3 


Approximate NNLO [15] 


167.5t|;7 


-2.7 


Approximate NNLO [16] 


166.7t|g 


-2.8 




Measured ci(pp^ tt+X) 

Measured dependence of a 

Approximate NNLO 

— NLO+NNLL 



150 160 170 180 190 

Top quark pole mass (GeV) 



FIG. 1: (Color online) Measured att and theoretical 
NLO+NNLL [lil and approximate NNLO [H calculations 



.,MC 



polo 



of CT(( as a function of m^"'^, assuming that m 
The colored dashed lines represent the uncertainties for the 
two theoretical calculations from the choice of the PDF and 
the renormalization and factorization scales (added quadrat- 
ically). The theoretical calculation of Ref. [l^ (not dis- 
played) agrees with Ref. [IB] within 1% both in mean value 
and uncertainty. The point shows the measured (Ju for 
^MC ^ -j^r^g 5 QgY^ .|-jjg jjjj^g]^ gyj.yg jg ^Yie fit to Eq. and 

the gray band corresponds to the total experimental uncer- 
tainty. 



termination of m^°'° are given in Table |TI1 In case (ii) 
the cross section predictions use the pole-mass conven- 
tion, and the value of m^^ = m^^ is converted to m|'°'° 
using the relationship at the three- loop level [1, : 



polo _ ^MS/ MS 



3 TT 



(3) 



(-1.0414iVL + 13.4434) 



a,(mr^) 



(0.6527iV| - 26.655iVL + 190.595) J ' 



where as is the strong coupling in the MS scheme, and 
= 5 is the number of Ught quark flavors. The strong 
coupling as(mj°''') is taken at the three-loop level from 
Ref. '231 . By iteratively rederiving the MS mass us- 
ing Eq. (|3]) as{'mt°^°) is transformed into as{m^^) lead- 
ing to a difference of only 0.1 GeV to the final extrac- 
tion of m^^ 



_t . For m^'" = 173.3 GeV, the MS mass 
^^'^ is lower by 9.8 GeV. With this change of 



the rnf^'-^ interpretation in Eq. ([T]), we form a new like- 
lihood /cxp(c|"^t) and extract m^°^° using Eq. ([2]). The 



difference A? 



pole 



between assuming 



MC _ ^Polc 



and 



is given in Table |TI1 Given the uncer- 



as either m^°'° or as 



tainties, interpreting 
has no significant bearing on the value of the extracted 
mt- We include half of this difference symmetrically 
in the systematic uncertainties. As a result we extract 
toP"'*" = 163.0t^;g GeV using the NLO+NNLL calcula- 



pole 



167.5t^;g GeV using the ap- 



tion of Ref. [14] and n\ 

proximate NNLO calculation of Ref. fl5| . Our measure- 



ment of 'i 



polo 



based on the approximate NNLO cross sec- 



tion calculation is consistent within 1 sd with the Teva- 
tron measurement of uit from direct reconstruction of top 
quark decay products, rrit = 173.3 ± 1.1 GeV [1]. The 
result based on the NLO+NNLL calculation is consistent 
within 2 sd. 

Galculations of the tt cross section [3, [l^ have also 
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been performed as a function of . Comparing the 
dependence of the measured to theory as a function of 
rut provides an estimate of m^^. We note that a previous 
extraction of wj^^ [l^ ignored the mj dependence of the 
measured txtf. 

We extract the value of mj^^, again, for two cases: (i) 
assuming that the definition of toj implemented in the 
MC simulation is equal to m^°'°, and (m) assuming that 
mY'^ corresponds to m^^. For case (i), m^°'° must first 
be converted to mj^^ using Eq. (|3]) . Figure [2] shows the 
measured (Ju as a function of mj^®, together with the 
calculation that includes NLO+NNLL QCD resumma- 
tion and the approximate NNLO calculation [l^. 



TABLE III: Values of mf^, with their 68% C.L. uncertain- 
ties, extracted for different theoretical predictions of dtt- The 
results assume that m^'^ corresponds to m^"'*' (left column). 
The right column shows the change Am^^ between these re- 
sults if it is assumed that mY'^ ~ rn^^ . The combined ex- 
perimental and theoretical uncertainties are shown. 



Theoretical prediction 


mf^ (GeV) 


Amf^ (GeV) 


MC mass assumption 


mf ° = 




NLO+NNLL [141 


154.511° 


-2.9 


Approximate NNLO [151 


160.011^ 


-2.6 



Q. 14 



L D0, L=5.3fb"^ 










—'— Measured ci(pp^ tt+X) ^^s:%?%;.. 


" Measured dependence of a "^^^s^^ffSjj; 


Approximate NNLO 




NLO+NNLL 

. . < 1 < . < < 1 < < . . 1 . 





80.5 



> 

CD 

S 80.4 



140 150 160 170 



180 



Top quark MS mass (GeV) 



FIG. 2: (Color online) Measured att and theoretical 
NLO-I-NNLL [il] and approximate NNLO [11] calculations 
of att as a function of mj"^, assuming that mf^'~^ — 
^poie^ The colored dashed lines represent the uncertain- 
ties for the two theoretical calculations from the choice of 
the PDF and the renormalization and factorization scales 
(added quadratically) . The point shows the measured att for 
^^ = 172.5 GeV, the black curve is the fit to Eq. (O, and the 
gray band corresponds to the total experimental uncertainty. 



The results for the extracted values of mj^^ are given 
in Table Uni 

In case (ii), we assume that the mass definition in the 
MC simulation corresponds to the MS mass. We set 
= mj^^ in Eq. ©, form a new likelihood /oxplcloif ) 



and extract 



using Eq. 1^ for the two calculations 



of Fig. [2j The difference Amf^^ between assuming that 



80.3 



— m^, m,(DO, NLO+NNLL) 

— m^, m^(DO, Approximate NNLO) 
LEP1, SLD 

68% CL 



150 




200 



FIG. 3: (Color online) Constraints on the W boson mass from 
the LEP-II/Tevatron experiments and the top quark pole 
mass extracted from the tt cross section in NLO+NNLL [l3| 
(green contour) and approximate NNLO 15j (red contour). 
This is compared to the indirect constraints on the W bo- 
son mass and the top quark mass based on LEP-I/SLD data 
(dashed contour). In both cases the 68% CL contours are 
given. Also shown is the SM relationship for the masses as a 
function of the Higgs mass in the region favoured by theory 
(< 1000 GeV) and not excluded by direct searches (114 GeV 
to 158 GeV and > 173 GeV). The arrow labelled Aq shows 
the variation of this relation if a{m%) is varied between — 1 
and +1 sd. This variation gives an additional uncertainty to 
the SM band shown in the figure. 



mf°^° and assuming mj^^ 



MS 



IS given m 
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Table IIIIl We include half of this difference symmetri- 
cally in the systematic uncertainties and derive a value 



of^Mb ^ i54.5i;^;5GeV using the calculation of Ref. [14| 

and mp" = IGO-OtH GeV using Ref. 

To summarize, we extract the pole mass (Table ITT|) and 
the MS mass (Table IIIip for the top quark by comparing 
the measured att with different higher-order perturbative 
QCD calculations. The Tevatron direct measurements of 
mt are consistent with both measurements within 

2 sd, but they are different by more than 2 sd from the 
extracted m^^. The results on and their inter- 

play with other electroweak results within the SM are 
displayed in Fig. [31 which is based on Ref. [1] . 



For the first time, 



is extracted with the mt de- 



pendence of the measured att taken into account. Our 
measurements favor the interpretation that the Tevatron 
rrit measurements based on reconstructing top quark de- 
cay products is closer to the pole than to the MS top 
quark mass. 
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